Ribosomal RNAs (rRNAs) play crucial roles in protein biosynthesis. The decoding center of 16s rRNA in 30s subunit affords a place for interaction between mRNA and tRNA, and contributes to the fidelity of the decoding by monitoring the codon-anticodon base pairing. The helices 18 and 44 in 16s rRNA are known to be major components of the decoding center. To investigate functional role of the conserved sequence in rRNAs, we employed a new genetic method that allows us to identify and select from randomized E. coli rRNA libraries those rRNA sequences absolutely required for the ribosome function. Functional consensus sequences were identified in both helices, providing us with a new insight into the decoding mechanism.
INTRODUCTION
The ribosome is the site for proteln synthesis in the cell. In bacteria, the 70s ribosome is formed by association of two subunits; 30s subunit is responsible for decoding genetic codes in "A, and 50s subunit catalyzes peptide bond formation. 30s subunit has three bindmg sites for tRNAs, designated as A (aminoacyl), P (peptidyl) and E (exit) sites ['] . Tne decodmg process of the genetic code occurs at the A-site through the interaction between a codon in mRNA and the corresponding anticodon of aminoacyl-tRNA. Aminoacyl-tRNA is delivered to the ribosome by a temary complex with EF-Tu and GTP.
Correct codon-anticodon interactions in the 30s subunit trigger the hydrolysis of GTP by EF-Tu in the 50s subunit. After GTP hydrolysis, EF-Tu dissociates from the aminoacyl-tRNA, leadmg to peptide bond formation.'*] Thus, accurate monitoring of codon-anticodon interaction by 16s rRNA is essential step for tRNA selection to maintain tanslational fidelity. Recent progress on crystal smcture of the 30s subunit provide a clue to understand molecular mechanism of the decoding proce~s[~'~]. The helices 18 and 44 in 16s rRNA were shown to participate in correct codon-anticodon monitoring[51. To identify essential residues in these helices, we employed a new genetic method, which we have named SSER (systematic selection of functional sequence by enforced replacement), that allows us to identify functional sequences from randomized E. coli rRNA library.
RESULTS AND DISCUSSION
We have developed the SSER (systematic -selection of functional sequence by enforced replacement)[61genetic selection method for identifying functionally important residues in rRNA genes from completely randomized sequences (Fig. 1) plasmids having the same replicon, if the incorporated plasmid has a functional sequence it rapidly lucks out the rescue plasmid (pRBlOl), giving sucrose resistant cell. As the sucrose-resistant cells contain the p F 3 102-derived plasmid having functional sequences selected fiom the randomized sequences, the functional consensus sequences in each region are ascertained by DNA sequencing of each selected plasmid. In addition to the universally conserved G530 (helix 18), A1492 and A1493 (helix 4), G529 and A533 (helix IS), and G1494, T1495, and G1497 (helix 44) were identified as essential residues for ribosome function. The pseudoknot of helix 18 formed by base pairing between 505-507 and 524-526 was also identified as essential structure. Accordmg to the crystal structure of 30s subunit complexed with mRNA and cognate ASL of tRNA in the A-site"], G530, A1492 and A1493 interact intimately with the minor groove of the first two base pairs of codon-anticodon helix, thus sensing Watson-Crick base-pairing geometry and discriminating against near-cognate tRNA. A1493 packs tightly in the "01-of the first base pair of the codon-anticodon helix. A1492 and G530 together bind in and span the minor groove of the second base pair of the codon-anticodon helix, and their interaction each other is stabilized in part by a hydrogen bond between their N1 positions. The specific interaction between rRNA and codon-anticodon helix induce large conformational rearrangement of 16s rRNA, whch might be involved in GTP hydrolysis of EF-Tu in 50s subunit. The essential residues found in this study and the pseudoknot of helix 18 are hkely to be required for the steric conformation of the decodmg center exerting essential function for translational fidelity.
